We study star formation histories (SFHs) of 500 dwarf galaxies (stellar mass M * = 10 5 − 10 9 M ) from FIRE-2 cosmological zoom-in simulations. We compare dwarfs around individual Milky Way (MW)-mass galaxies, dwarfs in Local Group (LG)-like environments, and true field (i.e. isolated) dwarf galaxies. We reproduce observed trends wherein highermass dwarfs quench later (if at all), regardless of environment. We also identify differences between the environments, both in terms of "satellite vs. central" and "LG vs. individual MW vs. isolated dwarf central." Around the individual MW-mass hosts, we recover the result expected from environmental quenching: central galaxies in the "near field" have more extended SFHs than their satellite counterparts, with the former more closely resemble isolated ("true field") dwarfs (though near-field centrals are still somewhat earlier forming). However, this difference is muted in the LG-like environments, where both near-field centrals and satellites have similar SFHs, which resemble satellites of single MW-mass hosts. This distinction is strongest for M * = 10 6 -10 7 M but exists at other masses. Our results suggest that the paired halo nature of the LG may regulate star formation in dwarf galaxies even beyond the virial radii of the MW and Andromeda. Caution is needed when comparing zoom-in simulations targeting isolated dwarf galaxies against observed dwarf galaxies in the LG.
INTRODUCTION
The star formation history (SFH) of a dwarf galaxy is one of its fundamental properties. It has implications for the z = 0 dark matter density profile at fixed mass, as late time star formation appears to correlate with core formation (e.g. Oñorbe et al. 2015; Read et al. 2016 Read et al. , 2019 . Dwarf SFHs further inform how interactions with the Milky Way (MW) impact satellites, either through comparisons with infall times inferred for individual satellites (e.g. Rocha et al. 2012; Fillingham et al., in preparation) or more broadly in comparing typical satellite SFHs with those of central (non-satellite) sheagk@caltech.edu † Einstein Fellow galaxies, as suggested by Brooks & Zolotov (2014) . They can also yield unique constraints on the contribution of dwarf galaxies to the reionizing background (e.g. Ricotti et al. 2008; Weisz et al. 2014c; Boylan-Kolchin et al. 2015) . Moreover, the shape of a dwarf's SFH may be correlated with the growth of the halo at low halo masses ( 10 10 M ; e.g. Fitts et al. 2017) and with the kinematics of the gas and stars in the galaxy at slightly higher masses ( 10 11 M ; e.g. El-Badry et al. 2018b) . Dwarf SFHs may even inform the nature of dark matter, as different DM models predict different accretion histories (e.g. Governato et al. 2015; Colín et al. 2015; Lovell et al. 2017; Bozek et al. 2019) .
Observations have begun to provide detailed constraints on the star formation histories of a large fraction of the dwarf galaxies in the Local Group (LG; defined as the cosmological volume containing the MW, M31, and all dwarf galaxies within ∼ 1 Mpc of either of these hosts), typically by resolving the oldest mainsequence turn off stars with space-based photometry. Weisz et al. (2014a) presented the largest such sample, with SFHs for forty LG dwarf galaxies uniformly derived from HST observations (and also see Cole et al. 2007 Cole et al. , 2014 Skillman et al. 2017) . They found that higher mass galaxies form a higher fraction of their stars at later times, and that the central galaxies in the so-called Local Field (i.e., more than 300 kpc from both the MW or M31, but still within the Local Group) typically form later than their satellite counterparts. Weisz et al. (2014b) argued that only two of those forty dwarf galaxies are consistent with their star formation being completely halted (quenched) by reionization, though Brown et al. (2014) used similar observations of lower mass ultra-faint dwarf galaxies (stellar mass M * 3 × 10 4 M ) to argue that reionization becomes increasingly important at lower masses, as all six of the galaxies in their sample stop forming stars by z 2. Rodriguez Wimberly et al. (2019) further argued that environmental effects caused by the hot halo of the MW (e.g. Gupta et al. 2012 ) -including ram-pressure and turbulent viscous stripping (Gunn & Gott 1972; Nulsen 1982; Hester 2006; Fillingham et al. 2016) , which actively remove gas from satellite galaxies, and "starvation," where the accretion of fresh gas is suppressed (Larson et al. 1980; Kawata & Mulchaey 2008) -cannot reproduce such early quenching times, strengthening the case that the UV background is responsible.
At higher masses, however, it appears that environment is more important in shaping dwarf SFHs, as epitomized by the simple observation that the majority of satellite dwarfs have no detectable HI while the majority of centrals do (e.g. Einasto et al. 1974; McConnachie 2012; Spekkens et al. 2014) . The concept of environmental quenching is supported by the results of Geha et al. (2012) , who showed that the fraction of quenched M * = 10 8 -10 9 M galaxies is consistent with zero for dwarfs 1 Mpc from the nearest MW-mass (or larger) host, but rises sharply at smaller distances. Similarly, Gallart et al. (2015) argued that dwarf galaxies in the LG can be grouped into "fast" and "slow" rising SFHs, where the former have positions and/or velocities consistent with previous interactions with the MW or M31. Several authors have used statistical arguments to show that the preponderance of quenched satellites around the MW suggests that quenching times must be quite short at low masses ( 2 Gyr for M * 10 8 M ), and longer ( 6 Gyr) at higher masses, provided that quenching is directly linked with entering the virialized volume of the MW (e.g. Wetzel et al. 2013; Wheeler et al. 2014; Fillingham et al. 2015; Wetzel et al. 2015) . Fillingham et al. (2018) recently used a similar technique to argue that quenching processes that operate purely within the virial radius of the hosts are insufficient to explain the quenched galaxies at 600 kpc from the MW/M31, though dwarf-dwarf interactions may lead to more extended (and perhaps more slowly collapsing) HI reservoirs relative to isolated dwarf galaxies (Pearson et al. 2016) . Emerick et al. (2016) used idealized wind-tunnel simulations to argue that stripping, aided by supernovae feedback, could not explain the short quenching timescales inferred by the above works even for satellites.
The question of satellite quenching is further complicated by the results of the Satellites Around Galactic Analogs (SAGA) Survey: 26 of the 27 satellites identified around the eight MW-mass galaxies in their sample appear to be star forming, though the dwarf sample only reaches M * 10 7 M (Geha et al. 2017) . In slight contrast, Tanaka et al. (2018) reached M * 10 6 M and identified a mix of blue and red satellite galaxies around two other MW analogs, with the authors classifying the majority of the blue (i.e. star-forming) sample as "possible" dwarf galaxies, rather than secure detections.
Meanwhile, as the typical resolutions of hydrodynamic cosmological simulations increase, authors have begun to compare simulated dwarf SFHs to the observations detailed above. Many of these works have focused on highly isolated (i.e. field) dwarf galaxies, which can be simulated at much higher resolutions than dwarfs around MW-mass hosts because the MW-mass galaxy itself dominates the run-time of the latter such simulations. For example, Fitts et al. (2017) presented dwarf SFHs taken from simulations using the FIRE 1 (Feedback In Realistic Environments) physics. They demonstrated overall agreement with observations in terms of the range of dwarf SFHs. They further argued that the z = 0 stellar mass scales with the maximum circular velocity Vmax of the halo (at fixed halo mass), though they did not identify any clear trends with the shapes of the SFHs. Wright et al. (2019 ) used GASOLINE (Wadsley et al. 2004 ) simulations of similarly isolated dwarf galaxies to understand why the SFHs of some dwarfs "re-ignite" after apparently quenching. They found that interactions with gaseous streams in the intergalactic medium can compress gas around the dwarf to the point where it begins to cool and form stars.
Other authors have explored the SFHs of dwarf galaxies that evolve around MW-mass hosts, though typically at lower resolutions than the works above. Benítez-Llambay et al. (2015) used the Constrained Local UniversE Simulations (CLUES; Gottloeber et al. 2010) , which target LG-like pairs, to examine the impact of reionization on central galaxies. They found great diversity in their simulated SFHs, and argued that "gaps" in star formation at intermediate ages (cosmic time t 4-8 Gyr) can be attributed to reionization. Similar to Fitts et al. (2017) , they argued for the importance of Vmax in halos near the reionization suppression scale. More recently, Wetzel et al. (2016) showed that the FIRE-2 prescriptions accurately reproduce the diversity in observed dwarf SFHs, the high fraction of quenched satellites near the MW at z = 0, and the general dependence on galaxy mass, though that paper examined only a single MW-mass host galaxy. Given the aforementioned results from SAGA and Tanaka et al. (2018) , it is unclear if the high quenched fraction around the MW is representative of MWmass satellite populations, at least for M * 10 7 M . Finally, Digby et al. (2018) examined the SFHs of dwarf galaxies in the APOSTLE (Fattahi et al. 2016; Sawala et al. 2016) and AURIGA (Grand et al. 2017) simulations. They found that late-time (t 8 Gyr) star formation is suppressed in satellite galaxies relative to dwarf centrals of the same mass, and that low (high) mass dwarf centrals have SFHs that decline (rise) at late times. In a related work, Simpson et al. (2018) examined the gas content of dwarf galaxies in the AURIGA simulations. Dwarf galaxies in their simulations are susceptible to ram pressure stripping, such that those at smaller host distances are more likely to be quenched and gas poor. At their lowest masses (M * 10 6 M ), all dwarf galaxies that are either satellites today or were satellites in the past are quenched, with the quenched fraction falling monotonically with increasing stellar mass.
These results establish two primary questions, which we explore here: (1) Do the FIRE-2 physics, which accurately reproduce many other attributes of the LG dwarf galaxies, reproduce the observed trends with M * and environment over a statistical sample of dwarf galaxies? (2) How do the predicted SFHs vary between environments? For example, do simulations of highly isolated dwarf galaxies represent a fair comparison to centrals in the LG, and does Table 1 . Simulations analyzed in this work. Listed are the names of the zoom-in target halo, the stellar mass (M * ) and halo mass (M halo ) of that galaxy, the distance to (dnearest) and halo mass of (M nearest halo ) the closest other halo with M halo > 10 11.5 M , the resolution of each simulation quantified by the initial baryonic particle mass (m i ), and the publication where each halo first appeared at the targeted resolution (see citations therein for earlier publications that feature lower resolution versions of most of the halos). the presence of a second MW-mass galaxy impact star formation in the dwarf galaxies throughout the LG? In this paper, we address these questions by analyzing a large suite of dwarf galaxies simulated with identical physics in a variety of environments. We describe the simulations and our sample in §2, present and discuss our results (and caveats to those results) in §3, and summarize our conclusions in §4. All of our simulations adopt flat ΛCDM cosmologies with h 0.7 and Ωm 0.3 (e.g. Larson et al. 2011; Planck Collaboration et al. 2016 .
SIMULATIONS
All of our dwarf galaxies are taken from cosmological, hydrodynamic zoom-in (Katz & White 1993; Oñorbe et al. 2014 ) simulations that are a part of the FIRE project (Hopkins et al. 2014) and run using the "FIRE-2" version of the code presented in Hopkins et al. (2018, i.e . with identical physics and code). All simulations were initialized with MUSIC (Hahn & Abel 2011) and evolved with GIZMO (Hopkins 2015) 2 in its meshless finitemass ("MFM") mode. The FIRE physics modules are described in detail in the papers above; briefly, we include radiative heating/cooling for 10 − 10 10 K; allow for star formation in dense gas that is Jeans unstable, molecular and self-shielding (Krumholz & Gnedin 2011) , and self-gravitating (Hopkins et al. 2013) ; and include stellar feedback via radiation pressure, photo-electric heating and photo-ionization, supernovae Types Ia and II and metal mass loss assuming each star particle is a single stellar population with a Kroupa (2001) 3 which was designed to produce a reionization optical depth consistent with WMAP-7, with a reionization redshift zreion 10. Most of our simulations (all but those taken from Fitts et al. 2017 ) include turbulent metal diffusion (Hopkins 2017) , which yields more realistic stellar metallicity distributions in simulated dwarf galaxies (Escala et al. 2018) but has a negligible effect on the star formation (Su et al. 2017 and Figure A1 ).
We analyze dwarf galaxies from zoom-in simulations that target LG-like pairs of MW-mass hosts, isolated MW-mass hosts, and highly isolated dwarf central galaxies (i.e. without including any MW-mass hosts in the zoom-in volume). We plot our sample as a function of stellar mass, using decade-wide bins, and separated by environment in Figure 1 , and list the parent simulations for the full sample in Table 1 , which gives the primary galaxy (or, in the case of the LG-like runs, galaxies) in each run along with their stellar and halo masses, a measure of their isolation, mass resolution, and the publication where each halo first appeared at the adopted resolution. 4 We also direct the reader to El-Badry et al. (2018a,b) , who analyzed the HI properties of the majority of the isolated central sample; to Garrison-Kimmel et al. (2018b) , who analyzed the morphologies and growth histories of the majority of the MW-mass hosts (though typically at lower resolution); and to Sanderson et al. (2018) , who studied the mass in the stellar halos of the MW-mass hosts (again typically at lower resolution).
Environment
Other terms Definition
LG satellites
LG subhalos within 300 kpc of a MW-mass halo in an LG-like pair
LG Figure 1 . Our simulated sample, split into bins of stellar mass and separated by environment. It includes truly isolated ("isolated central"; grey) dwarf galaxies that are selected as the targets of a zoom-in simulation along with dwarfs that evolve alongside MW-mass hosts. We split the latter by their distance to the nearest such host at z = 0: satellites are defined as those with d host ≤ 300 kpc and centrals have d host > 300-2000 kpc. We then further split these samples into "satellites of LGs" (blue) and "centrals in LGs" (green) -taken from the two simulations targeting paired (LG-like) MWmass hosts -and "satellites of isolated MWs" (orange) and "centrals near isolated MWs" (purple) -taken from the eight simulations targeting individual MW-mass galaxies. Table 2 summarizes our environmental definitions.
In the LG and isolated MW simulations, we identify (sub)structure in the dark matter particles using the Rockstar (Behroozi et al. 2013) 6D halo finder, then use a similar (though not identical) process as Necib et al. (2018) to assign star particles to those overdensities. The method is described in detail in Samuel et al. (in preparation) but, in short, we select star particles that are located within the radius of the halo (as reported by Rockstar) and moving with a relative velocity that is within 2 ×Vmax. We then Cumulative archaeological star formation histories (SFHs) of all dwarf galaxies in our sample, split into panels of stellar mass at z = 0 and colored by their environment. There is a clear trend across environments for higher mass galaxies to form a larger fraction of their stellar mass at later times, though the variety in the detailed SFHs at fixed M * is remarkable. The thick lines in the background plot the medians of each set of dwarf galaxies. As we discuss in §3.3, our lowest mass dwarf galaxies (with M * ≤ 10 6 M ) around MW-mass host(s) may be subject to resolution effects that depress late time star formation.
define R90 as the radius that encloses 90% of that stellar mass and σ * as the velocity dispersion of those star particles. Finally, we iteratively remove stars that are > 1.5 × R90 from either the galaxy or (sub)halo center, or that have a velocity offset > 2 × σ * , until the stellar mass converges to within 1%. 5 We find that this method accurately and reliably separates real galaxies from transient alignments between subhalos and stars in the stellar halos of the MWmass hosts. Meanwhile, for the highly isolated dwarf central galaxies, which do not overlap with the extended stellar halos that surround MW-mass hosts, we adopt all particles that are within the radius that contains 90% of the stellar mass within 20 kpc of the galaxy center. In all cases, we define M * as the sum of the masses of the member star particles and calculate SFHs using their formation times. Our smallest galaxies (with M * 10 5 M ) in our lowest resolution simulations (the isolated MW "Latte" runs, with initial gas particle masses mi = 7, 100 M ) therefore contain a minimum of 14 star particles, though stellar mass loss reduces the mass per particle such that the smallest galaxy we analyze actually contains ∼ 20 star particles. We discuss the potential for resolution artifacts, and their impact on our conclusions, in §3.3 and Appendix A.
Throughout, we take dwarfs within 300 kpc of a MW-mass host at z = 0 as "satellites" while dwarf galaxies more than 300 kpc from a MW-mass galaxy are classified as "centrals." 6 We further separate satellites into those of isolated MWs and of hosts in LGlike pairs, and split the centrals into those around isolated MWs, those in an LG-like environment, and highly isolated dwarf centrals that are the primary target of their zoom-in volumes. Table 2 summarizes the different environmental definitions and presents alternative names sometimes adopted in the literature.
For consistency with observations, we present archaeological SFHs throughout, calculated by taking the time that each star in the galaxy at z = 0 formed. Therefore, some fraction of the stars included in the SFHs may have formed in an external galaxy and been brought in via mergers. Using the same Fitts et al. (2017) sample of isolated dwarf centrals as adopted here, Fitts et al. (2018) found that this fraction is typically small (< 10%) for M * 10 7 M , and Anglés-Alcázar et al. (2017) found a similarly small fraction in a simulated FIRE galaxy with M * = 1.4 × 10 9 M . While Deason et al. (2014) used dark matter-only zoom-in simulations (both of isolated MW-mass halos and of LG-like pairs) to show that most dwarf halos in LG-like environments have undergone a major merger at some point in their evolution (roughly 45 − 70%, with mergers more common among centrals and higher mass dwarf halos) the vast majority of those mergers occur at cosmic time t 3 Gyr, before the majority of star formation in most of our sample (and also see Rodriguez-Gomez et al. 2016 ). Figure 2 summarizes the SFHs. Each panel plots the star formation histories (SFHs) of the galaxies in our sample within a given decade of galaxy mass. The thin lines plot the individual galaxies, while the thick lines take the median of each environment.
RESULTS
Figure 2 reveals two conclusions, which generally agree with previous results from both simulations and observations. First, for M * 10 8 M , there is an obvious trend with galaxy mass (across environments) where higher mass galaxies form a higher fraction of their stars at later times. Galaxies with M * = 10 5−6 M , which appear to often be dominated by starvation following reionization, LG-like environments do tend to form marginally earlier at fixed M * . The lone exception is for M * = 10 7 -10 8 M , but the LG satellite sample includes only five galaxies in that mass range. However, the SFHs of dwarf centrals exhibit stronger environmental trends: those around isolated MWs tend to form later than LG centrals at roughly all masses, and particularly for M * = 10 6 − 10 7 M . Though the shift in the medians is within the scatter, we note that the scatter also tends to shift in the same sense as the median. For M * ≤ 10 7 M , the highly isolated dwarf centrals have SFHs that are even more extended than the centrals around isolated MWs. Isolated centrals with M * = 10 5 -10 6 M display highly discrepant SFHs compared to dwarf centrals with at least one MW-mass host nearby, but we caution that the latter sample may be affected by resolution (see §3.3) and that there are only two galaxies in the former sample.
typically quench (stop forming stars) by t ∼ 3 Gyr, while galaxies with M * ≥ 10 8 M almost universally continue to form stars to z = 0. Second, even within a fixed mass bin (and in a fixed environment), there is a large degree of scatter in the SFHs. Even with this scatter, though, we find it exceptionally rare for galaxies to form their first stars at t 1 Gyr (z 6). Only a few such galaxies exist in our sample, nearly all with M * ≤ 10 6 M . Moreover, only one galaxy (a low-mass central around an isolated MW-mass host) forms its first star after t 4 Gyr, suggesting that galaxies of this type are indeed very rare in ΛCDM, in contrast with the predictions of warm DM models (Bozek et al. 2019 ).
Environmental variations
We now turn to the impact of environment on the shape of dwarf SFHs. We focus on comparing "satellite vs. central" and "isolated MW vs.
LG-like pair vs. isolated dwarf central," but we will present statistics for all possible pairings below.
Satellites vs. Centrals
We begin with Figure 3 , which compares the SFHs of satellite galaxies to central galaxies. The left panel selects only those objects that evolve around a single, isolated MW-mass host. As expected in environmental quenching models, satellites tend to reach a given fraction of their z = 0 stellar mass at earlier times than centrals of a similar final mass. This is particularly evident for M * = 10 6 − 10 8 M , but the tail of late time star formation in centrals is longer than that of the satellites even for M * = 10 5 − 10 6 M . In contrast, the right panel of Figure 3 demonstrates that if such a distinction exists in the LG-like environments, it is strongly muted: satellites and centrals display far more similar behavior overall with a smaller tail of late-time star formation for centrals with M * ≤ 10 7 M than in the environments of isolated MWs. Figure 4 therefore compares the LG, isolated MW, and isolated dwarf samples, separating satellites and centrals. The median SFHs of the satellite populations (left panel) of the LGs and isolated MWs are reasonably similar at most masses, though the LG satellites tend to form marginally earlier. The only deviation from this trend, and the mass range where the LG satellites differ the most from their isolated-MW counterparts, is for M * = 10 7 − 10 8 M . However, we caution that the LG-like simulations contain only five satellites in that mass range.
Local Groups vs. isolated MWs vs. the field
The right panel of Figure 4 now compares the SFHs of dwarf central galaxies, including those around isolated MWs, those around LGs, and "true field" dwarf centrals with no nearby MWmass host. As expected from Figure 3 full 68% contours. We also emphasize that both the medians and the scatters tend to shift relative to one another in the same sense. We examine the statistical significance of this result in §3.1.3 and argue in §3.3 that it is robust to resolution. The truly isolated dwarf centrals appear to continue the trend between the number of nearby MW-mass hosts and the fraction of late-time star formation for M * ≤ 10 7 M * : at fixed stellar mass, the isolated dwarf centrals tend to form later than those with MWmass neighbors. While the difference in the lowest mass bin may be driven (at least partially) by resolution and our small sample size, the offset persists for M * = 10 6 -10 7 M . Though the difference compared to centrals around isolated MWs is small, it is significant when compared with the centrals in LG-like environments. Therefore, the FIRE simulations predict that isolated dwarf galaxies cannot necessarily be fairly compared with dwarfs within ∼ 2 Mpc of the LG -even those that are dwarf centrals -as the former will have formed more of their stars at late times.
Summary statistics of the SFHs
To quantify these trends, we summarize the shapes of the SFHs via t10, t50, and t90, the cosmic times when each galaxy reaches 10%, 50%, and 90% of its z = 0 stellar mass, respectively. Though we do not plot them, both t10 and t50 increase with M * (i.e. more massive dwarf galaxies have more extended SFHs), but do not display any Figure 6 . The statistical significance of the differences in the t 90 distributions (in the 10 6 -10 7 M bin) between any pair of environments, quantified by the Anderson-Darling statistic (see footnote 7).p ≤ 1 indicates a statistically significant difference between the samples on the x and y axes.
Though it captures only a portion of the differences in the SFHs, the AD test shows that satellites of isolated MWs, LG satellites, and LG centrals, do not differ significantly from one another. However, all three of these populations differ from (quench earlier than) isolated dwarf centrals (bottom row) and centrals around isolated MWs. The difference between LG centrals and the latter two populations does not pass our corrected significance threshold, but the lack of a difference between satellites and centrals in LGs (especially compared to the significant offset between satellites and centrals around isolated MWs) is itself noteworthy. We discuss the results of the other mass bins and the other statistics in the text.
clear systematic environmental variations within a given mass bin, particularly at low masses where the sample sizes are large. The t90 distributions, which are plotted in Figure 5 , display similar mass trends, but also exhibit clear environmental variations, consistent with our previous conclusions. As expected, these differences are strongest for M * = 10 6 -10 7 M , but centrals around isolated MWs (purple lines) tend to have slightly later t90 than either the LG centrals or the satellite populations at all masses. Taken together with the lack of a difference in the t10 and t50 distributions, Figure 5 suggests that the main differences between the SFHs of dwarfs in different environments are in the amount of late-time star formation that occurs.
We quantify the statistical significance of the differences between the distributions of t90 via the Anderson-Darling (AD) test (Anderson & Darling 1954) in Figure 6 . 7 We highlight the M * = 7 The AD test is an improved version of the well-known KolmogorovSmirnov (KS) test; we specifically adopt the k-sample generalization from Pettitt (1976, and also see Scholz & Stephens 1987) . The AD significance p is the probability of finding differences in the distributions at least as extreme as those observed if the null hypothesis -that the two samples are drawn from the same underlying distribution -is correct. A low p-value therefore indicates a low probability of finding the observed differences, and therefore renders the null hypothesis unlikely. We chose a significance threshold that accounts for false positives by adopting the Bonferroni correction, which divides the nominal significance threshold p ≤ 0.05 by the number of comparisons performed (Dunn 1961 ). We therefore consider 10 6 -10 7 M bin, which Figure 5 shows has the largest environmental variations. Figure 6 confirms that several of the differences in the t90 distributions are statistically significant: in particular, both satellite populations quench earlier than both the dwarf centrals around single MWs and the highly isolated dwarf centrals.
LG dwarf centrals, meanwhile, sit in between the two extremes, but, from Figure 5, far more closely resemble the satellite populations.
Though we do not plot them, we summarize the other mass bins here: for M * = 10 5 -10 6 M , all of the t90 distributions except that of the isolated dwarf centrals are broadly consistent with one another. The latter quenches much later, but our small sample of isolated dwarfs with M * = 10 5 -10 6 M renders only the difference compared to LG centrals truly significant. There are no statistically significant offsets at higher masses, where larger samples are needed, but there are hints of differences between the LG centrals and isolated-MW centrals (p = 12.7 and 49.9 for M * = 10 7−8 and 10 8−9 M , respectively) and between the satellites and centrals around isolated MWs (p = 2.6 and 11.8 for the same bins).
We also do not plot the results of the AD test on the distributions of t10 and t50, which confirm that these statistics are largely insensitive to environment. The only significant variations arise in our lowest mass bin with the t50 times of isolated dwarf centrals, which reach their half-mass times much later than the other four environments. However, many of the t50 comparisons in this same mass bin yieldp values that suggest changes with environment: only the "LG satellite vs. isolated-MW satellite" and "LG central vs. isolated-MW central" comparisons yieldp 7 for M * = 10 5 -10 6 M .
Why do dwarf centrals in
LGs form their stars earlier?
As the preceding sections showed, the SFHs of dwarf satellites in our sample appear independent of the larger scale environment (i.e. whether or not the host is in a LG-like pair), but the SFHs of our dwarf centrals in LGs exhibit less late time star formation (at fixed final mass) than their counterparts around isolated MWs. In this section, we discuss possible explanations for the offset between the centrals -and the lack of an offset between the satellites -across the two environments. We begin by exploring whether the offset in the SFHs can be explained via the dark matter accretion histories of the dwarf galaxies, which we quantify with Vmax(t). Though it is much smaller than the offset between the SFHs, we do find that the dwarf centrals in the LGs and around isolated MWs display slightly different behaviors: while the median Vmax(t) curve for centrals in LGs is slightly falling at late times, the corresponding curve in the isolated-MW runs is flat or slightly rising until z = 0, particularly for the dwarf halos hosting galaxies with M * ≤ 10 7 M . While the difference manifests at later times than the offset between the SFHs (e.g. for M * = 10 6−7 M , the median Vmax(t) curves cross at t ∼ 7 Gyr while the median SFHs diverge at t ∼ 2 Gyr), the trend is in the direction expected if gravitational interactions are responsible for the offset in the SFHs. These interactions could be direct, e.g. in the form of an increased fraction of "backsplash" halos in LGs (centrals that LG gravitational potential inhibits late time accretion or if structure as a whole assembles earlier in LG environments. However, while the median Vmax(t) for satellite galaxies is falling at late times in both environments (as expected), it falls slightly faster around the LG-like hosts; this is not reflected in the SFHs, which are roughly identical. Moreover, the change in Vmax(t) moving from centrals to satellites (in either environment) is much larger than when comparing isolated-MW satellites (centrals) to LG satellites (centrals). We also find no evidence of an increased backsplash fraction in the distributions of pericentric distances, which do not differ systematically between the LG and isolated-MW environments. Therefore, while this explanation is qualitatively consistent and suggests that the difference may be due to a dynamical process, the fact that the trend is not reflected in the satellites and the relatively small size of the effect prohibits strong statements that the whole of the offset can be attributed to the dark matter accretion history or gravitational influences. The offset in the SFHs of centrals could also be tied to the distribution of present day distances from the nearest MW-mass host. The offsets between satellites and centrals suggest that quenching typically occurs later further from the host; therefore, if our LG centrals are typically further from their nearest host at z = 0 than dwarf centrals around isolated MWs, the former may appear to quench earlier. We do find evidence, via t90 vs. z = 0 distance, that quenching occurs (on average) later for galaxies further from a host today: fits to the data are nearly always rising with distance. 8 However, dwarfs in LG-like environments quench (on average) earlier than their isolated-MW counterparts at roughly all z = 0 distances. The difference is well within the scatter in all the mass bins, but it is most pronounced for M * = 10 6 -10 7 M . Therefore, the offset can-not be attributed to the distribution of z = 0 distances. Moreover, we find no clear evidence of the difference between LG dwarf centrals and dwarf centrals around isolated MWs disappearing at large distances. Why, then, do the LG dwarfs (in both stars and DM) finish their formation or "growth" phases earlier?
One possibility is that the LG regions are biased and systematically collapse earlier, compared to isolated MW or true-field regions. This is suggested by Figure 7 , which shows the LG hosts preferentially formed their stars ∼ 1 − 2 Gyr earlier than the isolated MW hosts. Similarly, comparing the halo growth histories shows the paired LG hosts reach half their z = 0 mass ∼ 1 Gyr before the isolated MW-mass hosts. It is possible this is an artifact of small number statistics: while the number of individual LG dwarfs is large, the number of parent LG volumes is only two. In Garrison-Kimmel et al. (2018b) , we consider these and two additional LG volumes (4 total), albeit at lower resolution, and find the same average offset in host halo and star formation time in the two additional volumes as well. The CLUES project (Gottloeber et al. 2010 ) also found a similar effect in dark matter-only simulations of 3 LG analogues. However, in dark matter-only simulations of 12
LG volumes, Garrison-Kimmel et al. (2014) found no significant difference in median LG halo formation times compared to isolated MW-mass systems. Moreover, we find no clear connection between the half-mass time of a MW-mass host and the quenching times of the dwarf centrals that evolve nearby: dwarf centrals around the early-forming isolated MWs are not biased relative to those around the later-forming isolated MWs, nor are the centrals near the lateforming LG-like host biased relative to those near the other three paired hosts. Clearly, a larger sample of LG volumes with baryonic physics and resolved dwarf populations is needed to robustly separate baryonic from dark matter effects, and (if the latter dominates) whether it is generic to all or most LG-type environments.
It is also possible that the offset in the SFHs is either driven by or exacerbated by purely baryonic processes. For example, a combination of ram pressure and turbulent viscous stripping can remove cold gas from dwarf satellites and shut down star formation, particularly if the hot gas in the host halo contains high density clumps (Fillingham et al. 2016) or if feedback within the satellite partially unbinds the cold gas (e.g. Hafen et al. 2018) . These processes are, in principle, independent of any gravitational interactions. The ∼ 1 − 2 Mpc density fluctuation required to create an LG-like environment may cause the hot halos of the hosts to merge and/or and extend further from the central galaxies. We do find evidence that the warm/hot gas (T ≥ 10 5 K) extends further from the hosts in LG-like environments than the isolated MW-mass hosts. Even discounting gas that is nearer to the second host in the LG, three of the four LG-like hosts have warm gas at 1 Mpc while only two of the eight isolated MW-mass hosts display similar behavior. While this intergalactic gas may not be dense enough or hot enough to actively strip dwarf galaxies, the comparatively high temperatures may inhibit infall of fresh gas (and therefore star formation). The relatively early SFHs of the hosts (Figure 7 ) could also correlate with establishing hot halos at earlier times or with supernovae-driven outflows extending further from the host at a given time -both effects would lead to more efficient quenching of nearby dwarf centrals. Figure 8 repeats Figure 4 by again plotting the SFHs of our simulated dwarf galaxies, but includes 95% contours (rather than 68%) and adds the observed SFHs of MW/M31 satellites and of dwarf centrals in the Local Group. Observations are taken from Weisz et al. (2014a) and Skillman et al. (2017) . 9 The simulations generally reproduce the trends with mass well: for both satellites and centrals, the observed SFHs are typically within the 95% scatter of the simulations. We also recover the observed trend (e.g. Wheeler et al. 2014; Wetzel et al. 2015; Weisz et al. 2015) wherein massive dwarf galaxies (M * 10 8 -10 9 M ) are nearly impervious to quenching: we find with little differences between the SFHs of satellites and centrals in this mass range. However, the low mass observed satellites have slightly more late time star formation than the simulated counterparts, particularly for M * < 10 6 M . As we discuss below, this discrepancy may be at least partially due to resolution, and we note that the two higher resolution, highly isolated dwarf centrals in this mass bin have significant star formation at much later timesso much so, in fact, that they under-produce the relative amount of early time star formation compared to the observed dwarf centrals in the LG.
Comparisons with observations

Caveats
There are two main caveats to our results: the resolution of the simulations and the time at which the UV background (the December 2011 update of the Faucher-Giguère et al. 2009 model) reionizes the simulated volume. We discuss each of these here, though we defer a longer discussion of the former to Appendix A. Overall, we argue that neither of these caveats should impact our main results, particularly for M * 10 6 M (where the preceding figures suggest environmental differences exist).
Resolution
Perhaps the most obvious confounding variable in our analysis is the diversity of resolutions in the simulations: though all of our runs use identical physics, our isolated dwarf centrals vary from mi = 30 -4000 M , the dwarfs in LG-like environments have mi = 3500 or 4000 M , and those around isolated MW-mass galaxies have mi = 4200 M (m12z) or 7100 M (m12b -m12w). The dependence of dwarf SFHs on resolution in the FIRE-2 simulations is discussed in Hopkins et al. (2018, specifically in § 4.1.3 and Figure 8 ), but we review those results and discuss their impact on our conclusions here.
In brief, as mi increases (i.e. resolution decreases), the individual bursts of star formation in a given dwarf become larger and more violent, as the smallest unit of stars that forms is tied to the gas particle mass. At the lowest resolutions, these artificial (i.e. numerical) bursts can become large enough that a single burst removes all of the gas from a dwarf, which can permanently shut off star formation in that dwarf and tends to reduce the amount of late time star formation on average. Nonetheless, total stellar masses remain remarkably consistent -typically to within ∼ 20%, and within a factor of ∼ 3 even with only two star particles in the galaxy. Hopkins et al. (2018) and Appendix A demonstrate that the SFH of a ∼ 10 6 M galaxy is reasonably well resolved at mi 2100 M , though the mi = 30 M simulation we use here is shifted to slightly later times. Therefore, the SFHs of the lower mass (M * The simulations reproduce the trends with mass well, and the observations generally lie within the scatter from the simulations, but several of the lower mass galaxies in the Local Group have more late time star formation than those in the FIRE simulations (more akin to the SFHs of our highly isolated dwarf centrals, though not as late-forming). However, we caution that these galaxies are strongly influenced by, e.g., the redshift of reionization, which is relatively early in these simulations (z reion 10; see Appendix B).
dwarf galaxies taken from MW/LG environments, as well as those in the Graus et al. (2019) sample, may be somewhat under-resolved. Correcting for these artificially concentrated bursts should actually enhance the differences we find between LG-like environments and those of isolated MW-mass hosts, however. Dwarf galaxies in the LG-like simulations tend to form earlier than their analogues around isolated MW-mass hosts, even though the LG simulations are at slightly higher resolutions. Therefore, were the samples to be run at identical resolutions, we would expect to find an even larger difference between isolated MWs and LG-like environments, with the former exhibiting even more extended SFHs. We cannot, though, rule out the possibility that the offset between the highly isolated dwarf centrals and dwarf galaxies around MW-mass host(s), wherein the latter form earlier, is exaggerated by resolution. However, we show in Appendix A that the mi = 4000 M Graus et al. (2019) galaxies form later than those in the mi = 500 M Fitts et al. (2017) sample, suggesting that resolution effects are subdominant to mass trends and galaxy-to-galaxy scatter. We also note that correcting for these resolution trends would tend to shift the simulated SFHs more in line with the observations.
Time of reionization
By default (and in all the runs analyzed here), the FIRE-2 simulations adopt the Faucher-Giguère et al. (2009) photo-ionizing background to capture the meta-galactic UV photons responsible for cosmic reionization. As mentioned above, that model was designed to match the WMAP-7 optical depth, corresponding to a reionization redshift of z 10 ( Komatsu et al. 2011) , in contrast with the most recent constraints on the midpoint of reionization from the Planck mission of z = 7.68 ± 0.79 (Planck Collaboration et al. 2018) . We emphasize, though, that all of the dwarf galaxies analyzed here were simulated with an identical photo-ionizing background. Therefore, we expect that a later reionizing background would shift all of our SFHs (at a given mass) in the same manner; that is, the relative comparisons between the different environmental samples should be robust to the time of reionization.
However, this discussion ignores the effects of "patchy" reionization. Both simulations (e.g. Trac & Cen 2007; Ocvirk et al. 2016; Norman et al. 2018) and observations (e.g. Pentericci et al. 2014; Zheng et al. 2017) suggest some sections of the Universe may take until z ∼ 6.5 to complete reionization. If reionization is highly patchy, and if the proto-MW galaxies contribute significantly to the local reionizing field, then we would naively expect that LG-like environments should reionize before those around isolated MWs, which should reionize before regions that host highly isolated dwarf galaxies (e.g. Alvarez et al. 2009; Lunnan et al. 2012) . Therefore, at the masses where reionization interferes with star formation (roughly Mhalo(z = zreion) 10 9 M ; Dawoodbhoy et al. 2018) , we would expect more early-time star formation in the isolated dwarf galaxies and less in those evolving in LG-like environments. As we discuss in Appendix B (and show explicitly in Figure B1 ), a later zreion leads to a smaller fraction of late-time star formation, i.e. the normalized SFHs are shifted to earlier times. Consequently, patchy reionization could act to smear out the differences that we find between the three environments. However, reion-ization has the strongest impact on galaxies with M * 10 6 M (e.g. Wheeler et al. 2015 Wheeler et al. , 2018 , and we find evidence of environmental variations at M * = 10 6 -10 7 M . That is, the strongest differences exist for galaxies that should not be strongly impacted by the timing and patchiness of reionization.
Finally, in the process of preparing this manuscript, we discovered that an external heating term designed to mimic cosmic rays in the interstellar medium of MW-mass galaxies was being improperly applied to the intergalactic medium at extremely high redshift (z 20; also see Su et al. 2018) . Like the too-early reionization, this would act to suppress star formation at early times, such that a greater fraction of star formation instead occurs at later times. Correcting this mistake should therefore shift our SFHs to earlier times overall, since they represent the fractional mass formed by a given time. Internal testing indicates that this extraneous heating term has less than a 10% impact on the shapes of SFHs for M * ∼ 10 6 M , with the strength of the effect scaling inversely with galaxy mass. Therefore, we expect this error to have a marginal impact for our three higher mass bins, and we again emphasize that, even at lower masses, all of our runs include this spurious heating term -correcting it should impact all of our SFHs in the same manner, and therefore only impact our conclusions with respect to the observations.
CONCLUSIONS
We have used a set of 500 dwarf galaxies -taken from FIRE-2 simulations of LG-like pairs of Milky Way-mass hosts separated by 1 Mpc, from isolated (single) MW-mass galaxies that are at least 3 Mpc from any other MW-mass systems, and from low density regions that contain no MW-mass hosts in the simulation volumeto explore how the shapes of dwarf star formation histories vary with environment (both in terms of the number of MW-mass hosts nearby and the z = 0 distance to the nearest such galaxy). Our main conclusions are:
• Even at fixed mass and environment, there is a large degree of scatter in star formation histories, with the full sample often spanning M * (z)/M * (z = 0) 0.2 -1 at fixed cosmic time.
• Nonetheless, the trends with mass in the median star formation histories are robust: the fraction of stars formed at late times (roughly defined as cosmic time t ≥ 5 Gyr) increases with the z = 0 stellar mass of the dwarf, nearly independent of environment ( Figures 2 and 5 ).
• The satellites (defined as galaxies within 300 kpc of a MWmass host) of isolated MW-mass galaxies tend to form their stars earlier than equivalent dwarf centrals (non-satellite galaxies that are near a MW-mass host, but more than 300 kpc away from that host today), consistent with a picture where interactions with MW-mass hosts inhibit star formation (Figure 3 ).
• Satellites in LG-like pairs have nearly identical SFHs to those of satellites around isolated MW-mass galaxies (Figure 4 ).
• Dwarf central galaxies that evolve in LG-like environments have SFHs that are relatively similar to their satellite counterparts; that is, they contain older stars than central galaxies of similar masses around isolated MW-mass galaxies (Figures 3 and 4) .
• Highly isolated dwarf galaxies with M * ≤ 10 7 M form even later than the centrals around isolated MW-mass galaxies, suggesting a trend with the number of nearby MWs (Figures 4 and 5) . However, the difference at M * ≤ 10 6 M may be exaggerated by resolution, and the offset at M * = 10 6−7 M relative to the centrals around isolated MW-mass hosts is not statistically significant, though the offset compared to the LG dwarf centrals is.
• A statistical analysis of several summary statistics of each SFH (specifically, the time when each galaxy reaches 10%, 50%, and 90% of its mass at z = 0), as a function of environment, indicates that -for M * = 10 6−7 M -the satellites of isolated MWs and the dwarf galaxies in LGs (satellites or centrals) do not significantly differ from one another, though highly isolated dwarf centrals and the dwarf centrals around isolated (non-paired) MWs do differ strongly from the former three environments. The comparison between LG centrals and centrals around isolated MWs is inconclusive, but the AD test suggests that the former are more similar to the LG satellites than to the isolated-MW centrals (Figure 6 ).
• The simulations broadly reproduce the observed SFHs of both satellite and central dwarf galaxies in the LG. While they underproduce the amount of late time star formation in our lowest mass dwarfs (M * = 10 5−6 M ), the disagreement is at least qualitatively consistent with resolution artifacts. However, there is a slight tension in that the observed SFHs of the LG centrals are slightly more consistent with the later forming centrals in simulations of isolated MWs, rather than with the (relatively) early forming centrals in simulations targeting LGs (Figure 8 ).
Our results suggest that the MW-mass galaxies in the FIRE-2 simulations affect star formation in the dwarfs around them (though potentially indirectly), even when those dwarfs are not satellites at z = 0. Therefore, caution should be taken when comparing simulations of dwarf galaxies that do not include any MW-mass galaxies, particularly if the properties under consideration are sensitive to the timing of star formation. Further work is required to solidify the significance of the differences (via increased sample sizes) and to identify their direct causes.
APPENDIX A: RESOLUTION DEPENDENCE §3.3 discusses the expected impact of resolution on our results. We justify the conclusions we reach in that Section here, but also refer the reader to § 4.1.3 of Hopkins et al. (2018) for a longer discussion of the resolution elements required for the convergence of various galactic properties in the FIRE-2 simulations.
We begin with Figure A1 , which presents the SFH of a single, low mass, isolated dwarf galaxy (m10q) as simulated at variety of resolutions. As we decrease the resolution (quantified by the initial gas particle mass mi) from the ultra-high resolution mi = 30 M simulation that we analyze in the main text, the galaxy tends to form a greater fraction of its stars at later times. At the lowest resolution -which is even lower resolution than the simulations targeting isolated MW-mass hosts in the main text -the dwarf even artificially quenches at t 7 Gyr. However, the SFH is consistent between mi = 250 M and mi = 2100 M , suggesting that the critical resolution at which we stop resolving the SFH of this dwarf (with M * 2 × 10 6 M ) occurs between mi = 2100-16, 000 M . Unfortunately, our simulations that include MW-mass host(s) lie in between these two resolutions, though they do fall slightly closer to the lower edge of that range. Therefore, we acknowledge that our galaxies with M * 10 6 M are somewhat under-resolved and likely should have a higher fraction of late time star formation.
As we argue in §3.3, however, correcting for resolution effects should act to amplify the differences between the LG-like simulations and those of isolated MW-mass hosts, as the dwarf galaxies in the (slightly) higher resolution LG-like simulations already appear to have reached a given fraction of their z = 0 stellar mass earlier.
Moreover, the changes in Figure A1 with resolution are also consistent with the mass trends identified in the main text: as mi increases (resolution decreases), the galaxy forms earlier, but also reaches a smaller overall stellar mass. Figure A2 demonstrates that these mass trends, together with galaxy-by-galaxy variances, dominate over resolution effects (at our resolution). Here we select highly isolated dwarf central galaxies with M * = 10 6.5 -10 7.5 M from two different sets of galaxies: the Fitts et al. (2017, in blue) and Graus et al. (2019, in orange) samples. That is, the two sets plotted in Figure A2 are not the same galaxies at two different resolutions (unlike Figure A1) . Though the Graus et al. (2019) sample is at lower resolution, those galaxies form later than the dwarfs in the higher resolution Fitts et al. (2017) sample. As indicated by the inset panel, which plots the stellar masses of the two samples (with the shaded region representing the M * range of galaxies plotted in the main Figure) , the latter sample is at lower average mass (within this 1 dex mass bin).
As a final check on the impact of resolution, Figure A3 plots the SFHs of dwarf centrals from simulations that have approximately identical resolution: the LG-like pairs (mi = 3, 500 and 4, 000 M ), the Graus et al. (2019) sample (mi = 4, 000 M ), and m12z (mi = 4, 200 M ). Though the sample size is far too small to draw meaningful conclusions overall, the results identified above hold even in this limited set of simulations.
APPENDIX B: EFFECTS OF A LATER REIONIZATION
As discussed in §3.3, all of the simulations analyzed in the main text adopt a reionizing background that completes reionization at z 10, while more recent observations suggest the Universe reionized quickly at z ∼ 7. Figure B1 demonstrates how changing zreion alters the SFHs of the satellites around a single (isolated) MW-mass host, m12i. As described in §3.3, a later zreion actually leads to more rapidly rising SFHs, as it allows for more star formation during the pre-reionization era, which reduces the relative fraction of stars that format late times. Furthermore, because a given galaxy tends to form more stars overall with later zreion, some galaxies will shift to higher mass bins, further biasing the median SFH of the galaxies remaining in the lower mass bin towards earlier times (when normalizing the SFHs). We find qualitatively identical trends among the centrals around the m12i, and when performing the same comparison with the dwarf galaxies around m12f (not plotted). This paper has been typeset from a T E X/L A T E X file prepared by the author. Figure A1 . The SFH of a single isolated dwarf central galaxy (m10q, with M * 10 6 M ) in runs with initial gas particle masses m i = 30 − 16, 000 M . For comparison, the LG and isolated MW simulations have resolutions m i = 3500-7100 M . The inset panel plots t 10 and t 90 for each run (squares and circles, left axis), as well as the stellar mass of the galaxy formed in each run (diamonds, right axis). Simulations that do not include subgrid metal diffusion are indicated with dashed lines and magenta symbols. m10q was simulated with m i = 250 M both with and without this subgrid prescription; the SFHs from these two runs are nearly identical, indicating that metal diffusion has a negligible impact on the shape of the SFH. At lower resolutions (higher m i ), the galaxy forms stars earlier. However, the m i = 2100 M run agrees well with the run with m i = 250 M , with strongly divergent behavior only appearing for m i = 16, 000 M (more than twice the lowest resolution isolated-MW simulation). Moreover, these changes are also in line with the M * trends discussed in the main text: at lower resolution, the galaxy is also lower mass. Figure A2 . SFHs of highly isolated dwarf galaxies with stellar masses M * = 10 6.5 − 10 7.5 M ; i.e., using a subset of the Fitts et al. 2017 and Graus et al. (2019) samples. Dashed lines indicate 68% of the sample, and the shaded areas indicate the full spreads. The lower resolution simulations tend to quench slightly later, in the opposite direction from the resolution trends in Figure A1 , but we point out from the inset panel that the lower resolution sample also tends towards higher masses, so the difference is in line with the stellar mass trends identified in the main text. In this model, the hydrogen neutral fraction drops to 0.5 at z ∼ 7.8. The thick lines take the median in each mass bin and the shaded regions indicate the full extent of the scatter. As discussed in the text, an earlier z reion tends to reduce the relative amount of early time star formation, as there is less time for stars to form before the background begins to play a role; the lines therefore tend to shift slightly to the left (more stars formed at earlier times) when moving to a background that reionizes the Universe at a later time.
